had free access to food and water. (Fig. 1 ) The experiments started with 30 CFW atrain mice, and each exposure group consisted initially of 5 male and 5 female mice. Fifteen pairs of mice were mated under normal conditions, and the first litter offspring (F0a; 1st litter) were discarded at weaning. One week later these mice were mated again under three conditions; the control and the 300 Oe and 800 Oe magnetic fields, to obtain F0b (2nd litter).
The offspring were weaned at 3 weeks, then fed for 8 weeks old within the field. In the next generation, inbred matings were all made free of the field. The F0b were therefore exposed to magnetism from the ovum stage to the 8th week of life. F1a and F1b were offspring delivered in the normal environment by dams that had grown up in the magnetic fields.
The succeeding generations (F2a and F2b, F3a and F3b) were also mated free of the magnetic fields. The program of exposure and breeding for three generations is shown in Figure 2 . The second series with 15 pairs of mice started after 8 weeks of feeding the first series F0b. The third and the fourth series followed at the same intervals.
Results for the four series, including 20 cases, were analyzed.
At birth all live offspring were examined for gross physical abnormalities, body weight and the number of each sex. Survival and body weight were recorded at 4 days, then a maximum of 8 mice (4 males and 4 females when possible) were saved at random for weaning and were fed until the 8 weeks old. The other pups were discarded in order to record weight gain and survival under the same conditions12). The general reproductive Table 2 shows differences between conditions in spite of the rough dispersion.
2) Gestation index, viability index and lactation index The gestation, viability, and lactation indices were calculated for five pairs at a time and all four repeated series underwent an analysis of variance in two ways, the observations per cell being 4. Table 3 Gestation Index
The gestation index is the percentage of mating resulting in pregnancy, (pregnancies/matings) *; p<0.05 (between conditions)
Number of observations per cell was 4, total cases were 20 Table 4 . The viability and lactation indices for the three conditions and for the four generations are shown in Table 5 . Viability and lactation performance tended to be depressed by magnetism, but no significance was found in the analysis of variance.
3) Number of live birth and the male-female ratio
The number of live births based on experimental conditions, sex and generation are shown in Table 6 . The table of the three-way analysis of variance for the factors of condition, generation and sex is given in Number of observations per cell was 4, total cases were 20 For the C factor of sex, a difference between male and female was found for Fib in the 300 Oe and for F0b in the 800 Oe fields. There was no significant difference in the whole series in the male-female ratio.
The third and fourth generations had normal numbers of offspring in both magnetic fields.
4) Body weight
The birth weight, the weaning weight at three weeks and the eight week-old weight are shown, respectively, in Table 8 , 10 and 12. Three-way analysis of variance for the factors of condition, generation and sex are shown in Table 9 , 11 and 13. For the analysis, twelve values from four litters were randomly extracted from each cell. In both the male and female, the birth weight of offspring born in the magnetic fields of 300 Oe and 800 Oe was markedly smaller as compared to that of controls. But for the F1b, offspring delivered by dams that had matured in the field, there was no significant depression compared with the F2b or F3b generation, but there was with the F1b male in 800 Oe. For weaning weight, remarkable retardation of growth was observed in the 800 Oe magnetic field, and depression occurred in the F1b generations under both magnetic conditions. The F2 or F3 generation of the 800 Oe mice that were not directly exposed to the magnetic field had delayed growth. Eight week-old mice in the series for 300 Oe grew almost as fast as those maintained under normal conditions, except for the female in F0b. The 800 Oe mice showed markedly delayed weight gains in all generations. Number of observations per cell was 12. Unit; g Number of observations per cell was 12. Unit; g. Simple but time-consuming experiments have been conducted to detect the effects of low magnetism on biological processes. The gestation period, the rate and number of live births, birth weight, and growth of mice maintained in the 800 Oe magnetic field were more retarded than those of mice in the control. In the 300 Oe magnetic field live births, birth weight, and growth were slightly depressed.
In the 800 Oe series, depression seemed to remain for three successive generations.
The results suggest that long-term exposure to a given level of magnetism depresses not only gestation but also the implantation and development of fertilized ova. Several studies have reported effects of a magnetic field on the fertility of mammals, but although changes in the genetic-code was on suggested effect1), this has not yet been proved.
To determine the cause of the smaller rate of live born offspring, it may be necessary to use more intense magnetism and to expose animals in different developmental periods so as to be able to anatomize to examine their uterine contents before delivery. Experiments examining the number of live fetuses or abnormalities before parturition of dams mated in low magnetic fields are in the progress, but depressed gestation or the decrease in the number of live births per litter might be caused by alteration of the central nervous system and disordered hormonal regulation in mice kept in the magnetic field, because live fetuses observed before delivery were not decreased and had very few abnormalities. Magnetism might also have affect the act of mating or parturition which results in a decrease in the reproductive performance of mice.
A safety standard for magnetic fields of 200 Gauss is recommended by the Stanford Linear Accelerator Center for the whole body or head14), and one of 300 Oe for the whole body by Vyalov15). Our results suggest that the magnetic field for the whole body under continuous exposure conditions should be considerably lower than 300 Oe, the limit presumably being 200 Oe or less.
SUMMARY
To determine effects of low intensity magnetic fields on biological processes, reproduction studies were made with CFW strain mice. Pairs of mice were exposed to static magnetic fields of intensities of 300 Oe and 800 Oe from the beginning of mating to the end of weaning. The offspring were kept until eight weeks old in the fields, but succeeding generations were all mated free of the fields. In the 800 Oe magnetic field the gestation period, the rate and number of live births, birth weight and growth were all retarded in comparison to the controls. In the 300 Oe field live births, birth weight, and growth were slightly depressed. Residual effects lasted for three generations especially for 800 Oe series.
These results were related to safety standards for continuous whole body exposure to magnetic fields.
